The compositions of mountain pine (Pinus uncinata) and peat-bog pine (P. uliginosa) needle essential oils were investigated. Enantiomeric compositions of selected monoterpene hydrocarbons were also examined. Respectively, fifty-three and seventy-six components of the essential oils were identified using GC-MS and retention indexes. The main group of essential oil components of mountain pine needles were monoterpenes, and bornyl acetate constituted approximately 30% (46.3g/100g) of the oil. In peat-bog pine essential oil, monoterpenes and sesquiterpenes exhibited a similar content (ca. 40%). Bornyl acetate and α-pinene were the main constituents of both essential oils. In the essential oil of P. uncinata needles, limonene, camphene, myrcene and (E)-β-caryophyllene were also noticeable, while in the essential oil of P. uliginosa needles, Δ-car-3-ene, (E)-β-caryophyllene, germacrene D, δ-cadinene, germacrene D 4-ol and α-cadinol were present in notable quantities. In both essential oils, borneol propionate, isobutyrate, 2-methylbutyrate and isovalerate were detected. Their presence was confirmed by synthesis and analysis of the standards; retention indexes on a non-polar column are published herein.
The genus Pinus comprises about 90 species. It is widespread in the northern hemisphere and occurs from the polar circle to North Africa, Nicaragua in South America and Indonesia in Asia. P. uncinata Ramond ex Mirb. (mountain pine) grows in the Pyrenees and Alps, reaches a height of up to 20 m and is characterised by cones with hooked scales bending toward the base. P. uliginosa Neumann ex Wimmer (peat-bog pine) grows in central Europe, mainly in the Alps, the northern Carpathian Mountains, in Poland in the Table Mountains and in Lower Silesian forests. It is a strictly protected plant. Peat-bog pine forms a shrubby tree 15 m in height [1] . Although the volatile secondary metabolites of pine needles are well known [2] , neither of the above-mentioned species has been investigated in this aspect, and thus the aim of this paper was to determine the composition of essential oil obtained from this plant material.
The essential oils (EO) from the needles of both species were hydrodistilled for 6 h in duplicate with an average yield of 0.16 and 0.09% for P. uliginosa and P. uncinata, respectively.
In peat-bog pine essential oil the content of mono-and sesquiterpenes was similar (40.4 and 42.8%, respectively). Hydrocarbons were the predominant constituents of each group. The most abundant monoterpenes were α-pinene (8.1%), Δ-car-3-ene (6.9%) and bornyl acetate (7.9%), and the most abundant sesquiterpenes were (E)-β-caryophyllene (6.4%), germacrene D (4.6%), δ-cadinene (4.3%), germacrene D-4-ol (4.1%) and α-cadinol (5.1%).
The predominant group of mountain pine volatiles was monoterpenes (73.0%) and the most numerous of these were αpinene (12.2%), limonene (4.9%) and bornyl acetate (30.2%). (E)β-caryophyllene (6.8%), germacrene D (2.8%), and α-muurolene (2.3%) were the sesquiterpenes present in the highest amounts.
For P. uncinata EO the content of bornyl acetate was surprisingly high, which makes these essential oils similar to those of fir (Abies balsamea, A. sybirica) [3], i.e. the content of bornyl acetate in pine essential oils usually varies from trace amounts to 15.7% [2b]. In the essential oils that we obtained we also noted the presence of other borneol esters: propionate, isobutyrate, 2-methylbutyrate and isovalerate (based on the similarity of the mass spectra to isoborneol ester MS data). To the best of our knowledge, based on the available literature and on computerised mass spectra/retention index databases [4] , there are no data for the mass spectra or retention indexes of these compounds, except for bornyl isovalerate, although in this case, in the literature, the retention index on a nonpolar column (100% polydimethylsiloxane) varies within the range of 1488-1516 [5] . We decided to obtain these compounds in pure form by synthesis from borneol and adequate acyl chlorides in the usual manner. After isolation of the standards a mixture of normal hydrocarbons (C 9 -C 23 ) was added and GC was performed. The obtained retention indexes on an Rxi-1ms column were as follows: 1367 (propionate), 1406 (isobutyrate), 1499 and 1500 (2-methylbutyrate, mixture of two diastereomers), and 1507 for isovalerate.
Detailed compositions of the essential oils are presented in Table 1 . In peat-bog pine essential oils we noticed the presence of ca. 4% of diterpenoid (based on M + =290 and the retention index characteristic of diterpene alcohols). In order to check whether it was an artefact we analysed the hexane: ethyl acetate extract from P. uliginosa needles. No trace of these compounds was detected in the extract. Although it can be considered to be a component of the EO formed during hydrodistillation and its structure should be examined, we were unable to gather sufficient plant material due to this pine species' strictly protected status. A hint could be the presence of ca. 3.9% of sclareol in the extract. This diterpenoid could provide the water elimination product. tr < 0.05%, a: data from the spectrum recorded for P. uliginosa EO, b: data from the spectrum recorded for P. uncinata EO We determined the enantiomeric composition of the major monoterpenes for both essential oils (Table 2) . Dextrorotatory αpinene and levorotatory camphene and β-pinene were predominantly present in the examined essential oils. (+)-Limonene is characteristic of P. uliginosa and levo-limonene of P. uncinata needle essential oil (ee 27.2 and 76.5, respectively). Essential oils isolation: Needles (25 g) were cut into fragments ca. 1 cm long and hydrodistilled for 6 h using the Deryng apparatus, in duplicate. The essential oils were trapped in 2 mL of a n-pentane: diethyl ether mixture. After distillation, the organic layer was collected and dried over anhydrous magnesium sulfate. After filtration and additional washing of the drying agent (2 mL of the above mixture) the solvent was evaporated at room temperature and the residue weighed.
Experimental

Quantification of main monoterpene components:
Quantification was performed using the absolute calibration method. Each of the quantified compounds (Sigma-Aldrich) was diluted in n-heptane in 3 concentrations (0.5 x , 1 x and 1.5 x for hydrocarbons and 1 x, 1.5
x and 2 x the % content according to the internal normalisation method for bornyl acetate). The linear regression coefficients thus obtained were ca. 0.99.
Composition determination:
The essential oils were analysed by gas chromatography coupled with mass spectrometry (Trace GC Ultra -DSQII). Quantitative data were obtained on an FID detector connected by an MS-FID Splitter (SGE Analytical Science).
Operating conditions: capillary column Rxi-1ms (60 m × 0.25 mm i.d., film thickness 0.25 μm), temperature programme: 50 (3 min) -300°C (30 min) at 4°C/min. Injector and FID detector temperatures were 280°C and 300°C, respectively. The carrier gas was helium (constant pressure: 300 kPa). Mass spectrometer parameters: 33-550 amu, ionisation energy 70 eV, ion source temperature 200°C. In order to eliminate possible co-elution, the qualitative composition was confirmed by GC x GC-TOFMS analysis on a Pegasus 4D apparatus (1 st dimension column HP-5 and SolGel-WAX as the 2 nd dimension column). Resolution of (-) and (+) enantiomers of limonene, α-and β-pinene and camphene was performed on a Rt-βDEXcst column (30 m × 0.32 mm i.d., 0.25 μm df.). Oven temperature programme: 50 (5 min)-220°C (30 min) at 4°C/min. Injector and detector temperatures were 220°C. Carrier gas: helium at a flow rate of 1.5 mL/min. 13 C NMR was recorded on a Bruker DPX-250 Avance spectrometer.
Identification of compounds:
Identification of compounds was based on a comparison of their mass spectra with computerised libraries [4] along with the relative retention indices (RI, 100% of polydimethylsiloxane column). 13 C NMR spectra were recorded for the whole oil and the data were compared with the literature and a custom-made NMR database. Identification of selected monoterpene hydrocarbons was based on an analysis of the standards in optically pure or enriched form (Sigma-Aldrich).
